Background. Chronic lymphocytic leukemia (CLL) is a condition characterized by the accumulation of morphologically mature monoclonal lymphocytes B with the CD19+/CD5+/CD23+ phenotype in lymphoid tissue, peripheral blood and bone marrow. The clinical course of patients with CLL is heterogeneous, ranging from indolent to aggressive. The role of lymphocyte activation in the natural history of CLL is still a matter of discussion.
Introduction
Chronic lymphocytic leukemia (CLL) is a condition characterized by the accumulation of morphologically mature monoclonal lymphocytes B with the CD19+/CD5+/CD23+ phenotype in lymphoid tissue, peripheral blood and bone marrow. It is estimated that CLL constitutes 25-30% of all diagnosed leukemia cases, making it the most frequent malignancy of this type amongst adults from North America and Europe. 1 The course of CLL is chronic by default. Of note, however, is its heterogeneity. Only 30% of the patients survive 10-20 years following the diagnosis. The remaining patients enter the terminal phase within the initial 5-10 years, despite an indolent onset of the condition. Individuals with the aggressive form of CLL survive only 2-3 years upon establishing the diagnosis. Spontaneous regression of CLL is of rare evidence. 2 Treatment with various combinations of cytostatics and biological agents can induce remission, but a relapse occurs in most of the patients, making CLL an incurable condition.
Criteria allowing for distinguishing between low and high risk groups of CLL patients did not exist prior to the mid-1970s; subsequently, Rai et al., followed by Binet et al., proposed independent classification systems that are used to the present. 3, 4 According to Rai et al., patients are classified into 1 of 4 clinical stages 3 ; in contrast, the classification by Binet et al. is comprised of 3 stages. 4 The survival time of CLL patients differs across age categories. The younger the age at diagnosis, the more aggressive is the course of the leukemia. The proportion of CLL patients with Rai stage 2 or higher is larger in patients younger than 65 years and the loss of life expectancy in younger patients is more than twice as high as in older individuals. 5 Amongst other prognostic factors, lymphocyte doubling time (LDT) in untreated patients deserves special attention. Lymphocyte doubling time longer than 12 months is usually associated with a mild course of CLL; however, the shorter the LDT, the more aggressive is the phenotype of the disease. [6] [7] [8] [9] The concentration of beta-2 microglobulin is another established prognostic factor: the higher the value of this parameter, the worse is the prognosis. 10 Chronic lymphocytic leukemia cells differ in terms of the mutational status of genes encoding immunoglobulin heavy chain variable (IgVH), which is correlated with the intracellular expression of ζ-associated protein-70 (ZAP-70), the presence of the CD38 antigen and the degree of activation and susceptibility to apoptosis. 11 Some of these cellular markers are the established prognostic factors in CLL. The prognosis is better in patients with mutated IgVH genes than in those without the mutation. 12, 13 A high expression of CD38 and ZAP-70 constitute a negative prognostic factor. 14, 15 Disorders of apoptosis are also postulated to play an important role in CLL, and the induction of programmed cell death by some medications is a determinant of successful therapy. [16] [17] [18] However, the role of lymphocyte activation in the natural history of CLL is still a matter of discussion.
Most CLL patients develop hypogammaglobulinemia along with the disease progression. 19, 20 The detectable deficit can refer to both immunoglobulin G class, and to M and A classes. The deficiency develops irrespectively of the status of the established prognostic factors, such as the mutational status of IgVH. 21 The role of chronic immunological stimulation and the resultant activation of lymphocytes B in the pathogenesis of CLL has not been explained thus far. The in vivo activation of the lymphocytes is known to result from the presence of various antigens, including pathogens.
In a study of more than 77,000 initially healthy individuals, 129 participants developed CLL during an average period of 9.8 years. The authors studied the presence of monoclonal protein and immunoglobulin light chains in the blood samples of these patients, obtained prior to establishing the diagnosis. 20 Amongst 61 individuals with a normal ratio of free light chains (FLC) κ/λ and without monoclonal protein, 17 individuals showed elevated levels of FLC κ/λ, which suggests a polyclonal activation of lymphocytes B. These findings support the hypothesis involving chronic immunological stimulation in the pathogenesis of CLL.
De Fanis et al. analyzed the expression of CD95, the bestdescribed cell surface antigen associated with apoptotic pathways, on lymphocyte B before and after the in vitro induction of leukemia with phorbol-12-myristate 13-acetate (PMA), ionomycin, phytohemagglutinin, or myogen. 22 The degree of activation was monitored on the basis of the early activation marker (CD69) expression. Chronic lymphocytic leukemia cells were revealed to be characterized by a markedly lower expression of CD95 than normal lymphocytes. Additionally, the leukemia cells were incapable of enhancing the expression of this molecule upon activation; although, it must be mentioned that such phenomenon was documented in the case of normal lymphocytes. Both CLL cells and normal lymphocytes showed a higher expression of CD69 after stimulation. Consequently, these findings suggest that CLL cells express the early activation marker to a similar extent as normal cells, but their activation-induced apoptosis is impaired. 22 Compared to CD25-negative cells, lymphocytes B CD25+ release larger amounts of interleukin (IL)-6, IL-10 and interferon gamma (IFNγ) in response to the agonists of Toll-like receptors, are superior at presenting antigens to CD4+ cells, and are capable of a spontaneous synthesis of immunoglobulin classes A, G and M. Therefore, this subpopulation of lymphocytes B is postulated to correspond to mature, activated memory cells. 6 Furthermore, Hassanein et al. revealed that the proportion of CLL cells expressing CD25, a marker of lymphocyte activation, was significantly higher in the ZAP70+ group compared with the ZAP70− group. 23 The activation of lymphocytes B results from the synthesis of cytokines by activated T cells. Rossmann et al. analyzed the lymphocyte synthesis of cytokines, both spontaneous and induced by polyclonal activation. 24 They observed that patients with the progressive form of CLL had significantly higher counts of T cells that spontaneously released IL-2, IL-4 and granulocyte-macrophage colony-stimulating factor (GM-CSF) as compared to healthy subjects and individuals with mild-course CLL. Also, an in vitro polyclonal activation of peripheral blood T lymphocytes was reflected by an increased fraction of the cells releasing the aforementioned cytokines, as well as tumor necrosis factor (TNF) and IFN-γ, both in patients with any form of CLL and in the controls. These findings suggest that lymphocytes T of individuals with CLL show relatively high functional efficiency. Therefore, the enhanced synthesis of cytokines in vivo is likely to result from the stimulation of lymphocytes T, especially in the progressive form of the disease. In turn, the abovementioned cytokines are involved in processes of maintaining the growth of leukemic lymphocytes B. 24 The aim of this study was to determine the percentages and absolute numbers of lymphocytes B and T in the peripheral blood and bone marrow of untreated CLL patients. We analyzed the relationship between the number of CD25-and CD69-positive lymphocytes and the established prognostic factors in CLL.
Material and methods

Participants
The study included 80 untreated patients with CLL diagnosed on the basis of clinical examination, morphological evaluation and immunophenotyping of peripheral blood and bone marrow lymphocytes. The control group comprised 20 healthy subjects (13 women and 7 men) in whom the immunophenotype of lymphocytes was determined in 10 mL samples of peripheral blood. The characteristics of the study participants are summarized in Table 1 .
None of the participants used immunomodulating agents, showed signs of infection within 1 month prior to the study, underwent blood transfusion, or was diagnosed with an autoimmune condition or allergy. The protocol of the study was approved by the Local Bioethics Committee of the Medical University in Lublin. All participants gave their written informed consent prior to the start of any procedures.
Blood and bone marrow samples
Samples of peripheral blood (20 mL) were obtained from the basilic vein of all the CLL patients. Moreover, a bone marrow aspirate (5 mL) was obtained from the iliac crest during routine diagnostic procedures. Additionally, peripheral blood samples (10 mL) of the controls were examined. The material was collected into ethylenediaminetetraacetic acid (EDTA) tubes (aspiration and vacuum systems, Sarstedt AG & Co. KG, Nümbrecht, Germany) and analyzed shortly thereafter.
Isolation of mononuclear cells
Peripheral blood and a bone marrow aspirate were diluted with 0.9% phosphate-buffered saline (PBS) without calcium (Ca 2+ ) or magnesium (Mg 2+ ) (Biochrom AG, Berlin, Germany) at a 1:1 and 1:2 ratio, respectively. The diluted material was built up with 3 mL of Gradisol L (specific gravity 1.077 g/mL; Aqua Medica, Białystok, Poland) and centrifuged in a density gradient at 700 × g for 20 min. The obtained fraction of mononuclear cells of peripheral blood and bone marrow was collected with Pasteur pipettes and washed twice in PBS without Ca 2+ or Mg 2+ for 5 min. Subsequently, the cells were suspended in 1 mL of PBS without calcium or magnesium, and counted in the Neubauer chamber or tested for viability in trypan blue solution (0.4% Trypan Blue Solution, Sigma Pharmaceuticals, Croydon, UK).
Flow cytometry
FACSCalibur flow cytometer (Becton Dickinson, Franklin Lakes, USA) equipped with an argon laser emitting at 488 nm was used to determine the immunophenotype of the mononuclear cells of peripheral blood and bone marrow. The results were analyzed with CellQuest software (Becton Dickinson) and a CaliBRITE calibration set (Becton Dickinson) was used to optimize the flow cytometer settings. A total of 10,000 cells were acquired from each sample based on the lymphocytic gate forward-scattered light (FSC)/side-scattered light (SSC). "Purity" of the lymphocytic gate was verified on the basis of the cellular distribution in a CD45/CD14 coordinate system.
Preparation of cells for cytometry
Peripheral blood mononuclear cells were suspended in PBS at a concentration equal to 2 × 10 7 cells per mL, and 50 μL of the solution were placed in 5 mL Falcon tubes (Becton Dickinson). Subsequently, the cells were subjected to 2-or 3-chrome labeling with monoclonal antibodies, according to the manufacturer's protocols (Table 2) .
Following 30-min incubation with monoclonal antibodies at 4°C, the cells were washed with PBS containing 0.1% sodium azide and 1% fetal bovine serum, centrifuged at 700 × g for 5 min, and fixed in 0.5 mL of 1% paraformaldehyde solution (Sigma Pharmaceuticals).
The results of the cytometric analysis were presented as a fraction of cells labeled with fluorochrome-conjugated monoclonal antibodies or as a mean fluorescence intensity (MFI), corresponding to the expression of a given antigen on a cellular surface.
Intracellular ZAP-70 kinase detection
The BD Perm/Wash buffer (Becton-Dickinson) and anti-ZAP-70 PE (Becton Dickinson) were added to the appropriate tubes and incubated for 15 min at room temperature in darkness. Finally, the cells were washed and analyzed by flow cytometry. For each analysis, 20,000 events were acquired and analyzed using CellQuest software (Becton Dickinson).
Statistical analysis
Normal distribution of continuous variables was tested using the Shapiro-Wilk test, and the homogeneity of their variances was verified with Levene's test and the F-test. Depending on their distribution, the statistical characteristics of continuous variables were presented as arithmetic means and standard deviations (SD), or as medians and ranges (min-max). The Mann-Whitney U-test or the Kruskal-Wallis test were used for intergroup comparisons of continuous variables. The power and direction of relationships between 2 continuous variables was determined using Pearson's coefficient of linear correlation (r). All calculations were carried out with STATISTICA v. 9 (StatSoft, Tulsa, USA) package, with the level of significance set at p < 0.05. To present the survival function, the KaplanMeier estimator (survival curve) was used. 
Results
Number of activated lymphocytes T and B
The immunophenotypes of basic subpopulations of peripheral blood lymphocytes in patients and healthy controls are presented in Table 3 . Compared to healthy individuals, patients with CLL showed a higher absolute number of lymphocytes B with phenotypes CD19+CD25+ (p = 0.000016) and CD19+CD69+ (p = 0.0003). Moreover, they had a higher absolute number of CD3+CD25+ (p = 0.00047) as well as CD3+CD69+ lymphocytes T (p = 0.07), although this latter difference lacked statistical significance.
Relationship between the fraction of activated cells in peripheral blood and bone marrow and the established prognostic factors in CLL
We revealed that higher Rai stages of CLL were associated with the enhanced activation of B cells in peripheral blood (p = 0.018). Specifically, patients with stage 0 CLL showed a significantly lower percentage of CD19+CD25+ lymphocytes B in peripheral blood than those in Rai stage 3 (31.24% vs 78.67%, p = 0.003), and patients with stage 2 CLL showed a significantly lower percentage of CD19+CD25+ lymphocytes B in peripheral blood than those in Rai stage 3 (50.24% vs 78.67%, p = 0.021) (Fig. 1A) . Moreover, there was a significant association between the percentage of CD19+ B cells in peripheral blood and the expression of the early marker of activation, CD69 (p = 0.005). Specifically, patients with Rai stage 3 showed a significantly higher percentage of CD19+CD69+ B cells (47.16%) than those with CLL stages 0 (18.13%, p = 0.009) and 2 (19.09%, p = 0.019) (Fig. 1B) .
Furthermore, the number of CD19+CD69+ lymphocytes B in bone marrow was significantly associated with the CLL stage (p = 0.023). Specifically, patients with Rai stage 3 showed a higher fraction of activated lymphocytes in bone marrow than those with Rai stage 0 (51.07% vs 19.34%, p = 0.018) and 2 (51.07% vs 19.74%, p = 0.006) (Fig. 1C) . Finally, there was a significant association between the fraction of CD3+CD25+ T cells and the stage of the disease (p = 0.029). The difference was particularly evident in the case of Rai stages 3 and 1 (36.78% vs 13.01%, p = 0.003) (Fig. 1D) . The concentration of beta-2 microglobulin showed a positive correlation with MFI of CD25 and CD69 on lymphocyte T in peripheral blood (r = 0.289; p = 0.014 and r = 0.286; p = 0.015, respectively), as well as with MFI of CD25 on lymphocyte T in bone marrow (r = 0.393; p = 0.001).
We observed a significant negative correlation between the fraction of CD3+CD69+ lymphocyte T in peripheral blood and LDT (r = −0.558; p = 0.016). The mean fluorescence intensity of CD69 on CD19+ cells of peripheral blood was inversely correlated with LDT (r = −0.494; p = 0.032). Additionally, LDT correlated inversely with MFI of CD25 on lymphocytes B (r = −0.654; p = 0.002) and T (r = −0.680; p = 0.002) in peripheral blood, as well as on lymphocyte T in bone marrow (r = −0.636; p = 0.005). Patients who experienced lymphocyte doubling in less than 12 months had a higher percentage of CD3+CD69+ lymphocyte T than those who did not (7.31% vs 2.49%, p = 0.005) ( Fig. 2A) , a higher MFI value of CD69 on the surface of B CD19+ lymphocytes (79.35 vs 54.17, p = 0.044) (Fig. 2B) , a higher MFI value of CD25 on the surface of B CD19+ lymphocytes (52.02 vs 39.91, p = 0.017) (Fig. 2C) , and a higher MFI value of CD25 on the surface of T CD3+ lymphocytes (61.47 vs 43.16, p = 0.021) (Fig. 2D) in peripheral blood. 
CD19+CD25+ cells [%] in the peripheral blood CD19+CD25+ cells [%] in the peripheral blood
Patients who experienced lymphocyte doubling in less than 12 months had a higher MFI value of CD25 on the surface of T CD3+ lymphocytes in bone marrow than those who did not (60.04 vs 41.83, p = 0.004) (Fig. 3A) . We observed that patients who started therapy due to rapid progression of the disease had a significantly higher percentage of CD19+CD25+ B cells in peripheral blood compared to untreated individuals (67.46% vs 33.91%, p = 0.014) (Fig. 3B) . Moreover, these patients showed a higher percentage of lymphocyte B CD19+CD69+ (34.03% vs 20.15%, p = 0.03) (Fig. 3C ) and a higher MFI of CD25 on lymphocyte T (51.46 vs 38.97, p = 0.021) in peripheral blood (Fig. 3D) .
Individuals in whom treatment was reflected by remission were characterized by a lower percentage of lymphocyte B CD19+CD25+ in peripheral blood than those who experienced progression and/or died (34.18% vs 75.03%, p = 0.00013) (Fig. 4A) . The mean fluorescence intensity of CD25 on the surface of lymphocyte B of peripheral blood was significantly higher in patients in whom treatment was reflected by progression and/or death than in those who showed remission (52.19 vs 32.07, p = 0.001) (Fig. 4B) . The individuals whose lymphocyte B showed the expression of ZAP-70+ had higher frequencies of CD19+CD25+ B cells in peripheral blood (71.12% vs 36.98%, p = 0.013) (Fig. 4C ) and bone marrow (53.24% vs 32.16%, p = 0.046) compared to ZAP-70− individuals (Fig. 4D) .
The number of lymphocytes B CD19+ZAP-70+ correlated positively with the number of CD19+CD25+ B cells (r = 0.386; p = 0.001) and CD3+CD69+ T cells (r = 0.323; p = 0.005) in peripheral blood, as well as with the number of CD19+CD25+ B cells in bone marrow (r = 0.307; p = 0.007).
The mean fluorescence intensity of CD25 on lymphocyte T of peripheral blood (r = 0.314; p = 0.006) and bone marrow (r = 0.298; p = 0.012), and MFI of CD25 on the surface of lymphocyte B of bone marrow (r = 0.244; p = 0.036) increased proportionally to the fraction of CD19+ZAP-70+ (Fig. 5A ) and lymphocyte T in bone marrow (56.11 vs 41.63, p = 0.00012) (Fig. 5B) , and on the surface of B cells in bone marrow (44.17 vs 32.81, p = 0.009) was higher in patients with ZAP-70+ lymphocyte B (Fig. 5C) .
Relationship between the fraction of activated cells in peripheral blood and the probability of survival after the diagnosis of CLL
We revealed factors that significantly increase the probability of survival after the diagnosis of the disease in the study group. The patients with the percentage of CD19+/ CD25+ lymphocytes <56% (p = 0.0002) (Fig. 6A) and the absolute number of CD19+/CD25+ lymphocytes <12.5 × 10 3 cells/μL (p = 0.0295) (Fig. 6B) , as well as the absolute number of CD19+/CD69+ lymphocytes <7.7 × 10 3 cells/μL (p = 0.0047) (Fig. 6C ) and the percentage of CD19+/CD69+ lymphocytes <29.65% (p = 0.0001) (Fig. 6D ) demonstrated increased survival. Additionally, an absolute count of CD3+/CD69+ lymphocytes <0.65 × 10 3 cells/μL (p = 0.0205) constituted a positive survival factor (Fig. 7A) .
A major factor that increased the probability of doubling the lymphocyte count was a percentage of CD19+/ CD25+ cells >29.65% (p = 0.0191) (Fig. 7B ). An absolute count of CD19+/CD25+ lymphocytes >12.5 × 10 3 cells/μL was also a factor that increased the likelihood of doubling of the lymphocytosis (p = 0.0246) (Fig. 7C) .
Discussion
Chronic lymphocytic leukemia results from the expansion of mature lymphocytes B CD5+. Probably, these cells proliferate in bone marrow and in the lymph nodes, while the leukemic lymphocytes of peripheral blood remain at the G0/G1 phase. The expression of genes in leukemic cells resembles that of memory B lymphocytes; moreover, they express cell surface antigens specific to lymphocyte B which had contact with an antigen (CD23, CD27, IgM, and IgD). [25] [26] [27] The aim of the research, which has already continued for a significant number of years, is to identify subgroups of CLL patients with a similar clinical course of the disease. 28 A high expression of ZAP-70 and CD38 was revealed to be associated with a more aggressive course of CLL. 29 CD25, i.e., the alpha chain of the IL-2 receptor, is present on the surface of leukemic cells in 30-50% of CLL patients. The density of the expression of this molecule on leukemic cells is higher than on normal lymphocyte B, as well as on lymphocyte B during the so-called monoclonal B-cell lymphocytosis of undetermined significance (B-MLUS). [30] [31] [32] [33] [34] CD25 is postulated to be associated with the activation status of cells expressing this antigen.
Probably, it also serves as a growth factor receptor and regulates the proliferation of lymphocyte B. 35, 36 Aside from CLL, a high expression of this molecule was also detected on the surface of B cells in promyelocytic and hair-cell leukemia. 37, 38 The expression of CD25 on the surface of lymphocytes and an elevated serum concentration of soluble CD25 are associated with a negative prognosis in acute lymphoblastic leukemia and diffuse large B-cell lymphoma. 39, 40 The data on the role of CD25 as a prognostic factor in CLL is inconclusive. Although according to some authors, the prognosis is worse in patients showing a high expression of CD25, other researchers observed that the CD25+ phenotype is associated with a milder course of CLL. 31, 33 The most recently published data from a retrospective study of 281 individuals with CLL followed-up for 8 years did not confirm a relationship between the expression of CD25 and the survival time or the time elapsed between diagnosis and the implementation of treatment. 28 This study revealed that the expression of CD-25 on lymphocyte B of leukemia patients is many times higher than in the controls. Moreover, an association between the established prognostic factors in CLL and the CD25 expression was analyzed. The previously mentioned studies revealed a relationship between the number of lymphocytes B with the CD19+CD25+ phenotype and Rai clinical stage. The percentage of lymphocyte B CD19+CD25+ was higher in more advanced stages. Moreover, there was an inverse correlation between LDT and MFI of CD25 on lymphocyte B in peripheral blood, and a positive correlation between the concentration of LDH and the percentage of lymphocyte B CD19+CD25+ in peripheral blood. We revealed that the number CD19+CD25+ B cells in the peripheral blood of individuals who required treatment due to rapid progression of the disease was significantly higher than in untreated patients, which is contradictory to findings reported by Shvidel et al. 28 Moreover, the patients who showed remission after the treatment were characterized by a higher percentage of lymphocyte B CD19+CD25+ in peripheral blood than individuals who experienced progression and/ or died. The mean fluorescence intensity of CD25 on the surface of lymphocyte B of peripheral blood was higher in individuals who showed progression and/or died after the treatment than in those with remission. Our analysis of the relationship between documented prognostic factors and the markers of activation revealed that the number of lymphocytes B CD19+ZAP-70+ correlated positively with the number of CD19+CD25+ B cells in peripheral blood and bone marrow. Moreover, MFI of CD25 on the surface of lymphocyte B in bone marrow also increased proportionally to the number of CD19+ZAP-70+ cells. Individuals in whom the phenotype of lymphocytes B was determined as ZAP-70+ had more CD19+CD25+ B cells in peripheral blood and bone marrow than patients whose lymphocytes did not show the expression of this marker. Also, MFI of CD25 on the surface of lymphocyte B in bone marrow was higher in individuals whose lymphocytes were classified as ZAP-70+. Similarly to Shvidel et al., our study did not reveal significant differences in the prevalence of anemia, thrombocytopenia and an elevated concentration of beta-2 microglobulin between patients with a high and low number of CD25+ lymphocytes. 28 Although our studied group was smaller than that analyzed by previously mentioned authors, the number of studied parameters was markedly higher. Plausibly, further extensive studies are needed to eventually verify the significance of the CD25 expression on leukemic lymphocytes in CLL.
Furthermore, our study also revealed that the expression of CD25 on lymphocyte T is higher in patients with CLL than in healthy individuals. Activated lymphocytes T of patients with CLL are known to stimulate the proliferation and promote the survival of leukemic cell clones, despite qualitative and quantitative disorders of their population. 21 However, we did not find any literature evidence of the relationship between the lymphocyte T expression of CD25 and the prognostic factors in CLL. We revealed that a higher prevalence of CD3+CD25+ T cells was associated with higher Rai stages of CLL. Moreover, we observed an inverse correlation between LDT and MFI of CD25 on lymphocyte T of peripheral blood and bone marrow. Furthermore, the concentration of LDH and beta-2 microglobulin also correlated positively with MFI of CD25 on lymphocyte T of peripheral blood and bone marrow. The mean fluorescence intensity of CD25 on lymphocyte T of peripheral blood and bone marrow increased proportionally to the percentage of CD19+ZAP-70+ B cells. We revealed that ZAP-70+ patients showed a significantly higher MFI of CD25 on lymphocyte T of peripheral blood and bone marrow. Moreover, MFI of CD25 was also significantly higher in individuals who required the implementation of treatment than in those who did not.
The expression of CD69 on activated cells can be observed early; namely, within 4 h of stimulation. As early as in 2002, Damle et al. revealed a significantly higher fraction of CD19+CD69+ lymphocytes in individuals without a mutation in IgVH genes and with the CD38+ phenotype of B cells. 25 Similarly to normal lymphocytes, CLL cells can undergo activation, which can be determined on the basis of the CD69 expression. 22 Our study of the expression of CD69 on leukemic cells revealed that higher Rai stages are associated with a higher prevalence of CD19+CD69+ lymphocyte B, both in peripheral blood and in bone marrow. The mean intensity of fluorescence of CD69 on lymphocyte B of peripheral blood was inversely correlated with LDT. Moreover, we observed a positive correlation between the concentration of LDH and the percentage of CD19+CD69+ lymphocyte B of peripheral blood and bone marrow. Additionally, the concentration of LDH correlated positively with MFI of CD69 on lymphocyte B. Individuals in whom rapid progression of the disease required the implementation of treatment had a higher fraction of CD19+CD69+ lymphocyte B than untreated individuals. Aside from the expression of CD69 on B cells, we analyzed the relationship between the expression of this molecule on lymphocyte T and the established prognostic factors in CLL. We revealed an inverse correlation between the fraction of CD3+CD69+ lymphocyte T in peripheral blood and LDT. The density of the CD69 expression on lymphocyte T of peripheral blood was also inversely correlated with LDT. Moreover, we observed a positive correlation between the serum concentration of LDH and the percentage of CD3+CD69+ lymphocyte T in peripheral blood. A higher fraction of CD3+CD69+ lymphocytes was documented in patients with lymphocyte doubling. Also, the serum concentration of LDH and beta-2 microglobulin correlated positively with MFI of CD69 on lymphocyte T of peripheral blood. The number of CD19+ZAP-70+ lymphocytes B was associated with the number of CD3+CD69+ T cells in peripheral blood.
In conclusion, this study confirmed earlier findings on the association between a negative prognosis and a high expression of activation markers in CLL patients. The determination of CD25+ and CD69+ lymphocytes T and B constitutes a valuable diagnostic tool, completing the cytometric evaluation of CLL. Perhaps, aside from the established markers, such as CD38 and ZAP-70, the number of activated lymphocytes should also be determined in CLL patients, as this parameter supplements their prognosis. Further research is required in order to identify antigen(s) causing the activation of leukemic cells and normal lymphocytes T.
